Background: Minimal hepatic Encephalopathy (MHE) is defined as HE without symptoms on clinical/neurological examination, but with deficits in some cognitive areas that can only be measured by neuropsychometric testing. However, numerous studies have shown that, although the neurological symptoms are slight, affected patients are markedly impaired in their quality of life and ability to work. Various treatment modalities that have been shown to reverse MHE include lactulose/lactitol, probiotics/synbiotics, L-carnitine but rifaximin has shown a general trend toward better efficacy and better tolerability in patients with overt hepatic encephalopathy (OHE). Objective: Our objective is to assess the diagnostic role of minimental state examination (MMSE), electroencephalography (EEG) and visual evoked potential (VEP) in detection of MHE and to evaluate the efficacy of rifaximin in improving EEG and VEP in patients with MHE. Patients and Methods: Sixty cirrhotic patients were enrolled in the study depending on clinical evidence of stigmata of chronic liver disease, laboratory investigations including liver function tests, ultrasonographic features of liver cirrhosis and with no evidence of overt hepatic encephalopathy. Diagnois of MHE was made depending on minimental state examination (MMSE) and neurophysiological tools including EEG and VEP. A control group of sixty healthy volunteers with age and sex matched were included. The patient group received Rifaximin 550 mg twice daily for 8 weeks then follow up EEG and VEP studies were done. Results: MHE was detected in 36.7%, 48.3%, 51.7% of our series based on MMSE, EEG and VEP respectively. Child Pouph A, B, C was found in 51.7%, 35%, 13.3% respectively. Rifaximin was well tolerated. At the end of treatment, 
Introduction
Minimal hepatic Encephalopathy (MHE) is defined as HE without symptoms on clinical/neurological examination, but with deficits in some cognitive areas that can only be measured by neuropsychometric testing [1] .
MHE has a high frequency among patients with liver cirrhosis (22% -74%) and also occurs in patients with portosystemic shunt [2] but the true frequency of patients with MHE is unknown, because MHE often remains undiagnosed due to the lack of evident symptoms and standardized clinical criteria and diagnosis rest mainly on careful patient history and physical examination, normal mental status examination, demonstration of abnormalities in cognition and/or neurophysiological function, and exclusion of concomitant neurological disorders [3] [4].
However, numerous studies have shown that, although the neurological symptoms are slight, affected patients are markedly impaired in their quality of life and ability to work [5] . Various tools have been evaluated for the diagnosis of MHE including neuropsychological tests, neurophysiological tests as auditory brain stem response, P300 event, regional cerebral blood flow changes [6] .
Various treatment modalities that have been shown to reverse MHE include lactulose/lactitol, probiotics/synbiotics, L-carnitine, branched-chain amino acids [7] . Rifaximin is a non-absorbable, gut-specifi c antibiotic. Compared with lactulose or neomycin, rifaximin has shown a general trend toward better efficacy and better tolerability in patients with OHE [8] .
A proportion of patients with cirrhosis exhibit disturbances in orientation, attention, constructional praxia, psychomotor speed and executive function, which are collectively termed hepatic encephalopathy (HE. [9] [10] [11] [12] .
Mental State Examination (MMSE) covers such cognitive domains [13] , at least tosome extent, and has been utilized also in this patient population [14] [15] .
The use of MMSE is considered especially in low educational level countries and the milder forms of clinically overt HE pose a considerable diagnostic problem, and the criteria currently in use-the so-called West Haven criteria [16] have been criticized and deemed to be far too operator-dependent [13] . PHES require a validation in each country before assessing performances of this score in apathological setting [17] .
The neurophysiological investigation of hepatic encephalopathy (HE) is generally performed by the electroencephalogram (EEG) and the evoked potentials (EPs). The EEG reflects the post-synaptic activity of pools of the large pyramidal cells of the fourth layer of the braincortex and is extremely sensitive to the influence of toxic, pharmacological and metabolic factors. Evoked potentials reflect the electric summation of neuronal activity related to sensory, motor stimuli or to cognitive processes. Changes in the latency of sensory and motor EPs reflect changes in transmission time and changes in EPs amplitude reflect changes in the synchronization and in the amount of the activated neurons [18] .
The present case control study was conducted to assess the efficacy of rifaximin on EEG and VEP as neuropgysiological diagnostic tools of MHE.
Patients and Methods

Patients
The present case control study was carried out on patients with liver cirrhosis 
Inclusion Criteria
The study included included 60 cirrhotic patients depending on clinical evidence of stigmata of chronic liver disease (e.g. jaundice, ascites, palmar erythema, spider naevi, etc.) and ultrasonographic features of liver cirrhosis (e.g. coarse echo texture, shrunken liver, etc.).
Exclusion Criteria
Patients with any neurological disease affect conscious level including recent head trauma and patients taking benzodiazepines or antidepressants were excluded, also patients with visual deficiency were excluded.
Patients with overt hepatic encephalopathy, history of alcohol intake, drug abuse, drug intake as sedatives, diabetes mellitus, chronic renal failure, transjugular intrahepatic porto-systemic shunt were excluded from the study in order to avoid coexistent neuropathy or other brain dysfunction.
The control group consisted of healthy individuals which were selected to match with the patient group with respect to age, gender, education and sociodemographic characteristics. 
Assessment of the Severity of Liver Disease
Child-Pugh Grading System
The functional severity of liver disease was assessed using the Child-Pugh grading system [19] ( Table 1) .
Child-pugh score: [19] .
Abdominal Ultrasonography
To evaluate liver size, echogenicity and any focal lesion, portal vein diameter, spleen, portosystemic collaterals, and detect ascites.
Neuropsychiatric Assessment
All patients underwent MMSE, EEG and VEP recording.
MMSE
This was performed by an experienced neuropsychologist in the morning, after breakfast, in a quiet well-lit room, in standardized conditions. 
EEG Recordings
EEGs were recorded with a 21-electrode EEG cap, eyes closed, in a condition of relaxed wakefulness. Electrodes were placed according to the International 10 -20 system; the ground and reference electrode were Fpz and Oz, respectively; impedance was kept below 5 KU (Nihon Kohden, Japan equipment).
EEG recording was performed for a total time of 10 min.
Patients were stratified according to their EEG features assessed according to modified Parsons-Simith classification [24] [25] ( Table 2) . 2) VEP stimulation: was done with a checkerboard pattern generated on the monitor using the software installed, which consisted of black and white checks whose phase was reversed (black to white and white to black) at a fixed rate of two reversals per second. The subject was seated at a fixed distance of 100 cm from the screen and was asked to fixate at the center of the screen. Monocular stimulation was given to both the eyes separately. A sweep length of 250 ms was done, and more than 100 responses were averaged. An amplification range of 20,000 to 1,00,000 was used. To ensure reproducibility, the waveform was recorded twice. The electrode impedance was kept less than 5 KΩ.
The VEP parameters recorded were latencies to N70, P100 and N155 waves, and peak to peak amplitude of P100 wave. Tandon and Sharma reported the normal P100 latency of 95.37 ± 6.85 msec for males and 91.07 ± 49 msec for females [27] . 
Statistics
Data was analyzed using STATA intercooled version 12.1. Quantitative data was represented as mean, standard deviation, median and range. Data was analyzed using student t-test to compare means of two groups. When the data were not normally distributed Mann-Whitney test was used. Qualitative data were presented as number and percentage and compared using either Chi square test or fisher exact test. Either Pearson's or Spearman correlation analyses were used to measure the correlations among different variables. Graphs were produced by using Excel or STATA program. P value was considered significant if it was less than 0.05.
Results
The current study included 60 cirrhotic patients (28 male) with mean age 47.5 ± 6.8 years and 60 age and sex matched healthy volunteers (31 male) with mean age 42.5 ± 5.7.
Baseline characteristics of cirrhotic patients were shown in Table 3 . Table 4 showed laboratory and neurophysiological characteristics of cirrhotic patients in relation to Child-Pugh grading system.
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There was significant difference between the two groups as regard EEG and VEP as shown in Table 5 .
Patients with MHE received Rifaximin 550 mg twice daily for 8 weeks and follow up EEG changes and VEP P100 was done post treatment and Table 6 , 
Discussion
MHE impairs patient's daily functioning and quality of life, patients with MHE have difficulties with attention, response inhibition and working memory [28] . In our study we diagnosed MHE in 60 cirrhotic patients without overt encephalopathy by using combination of minimental state examination, EEG and VEP P100 event-related potential and this is close to the results of recent reports by Mina et al. [29] .
We found that MHE was present in 36% -51% which is close to the esults of previous studies that reported that the prevalence of MHE is high in patients with cirrhosis of liver and varies between 30% and 84% [3] . In addition Nardone et al. reported that MHE is the earliest form of hepatic encephalopathy and can affect up to 80% of patients with liver cirrhosis [30] . Since few studies have examined the applicability of MMSE in screening for liver encephalopathy, it was an important finding in the present study that patients with cirrhosis had a lower performance than controls in the different items of the MMSE and received an average score of 21.3 ± 3.7 points on the MMSE, while the control group had an average score of 25.8 ± 2.9 points, a finding confirmed by Torres et al. [31] who reported that MMSE could be a useful tool for detecting global cognitive impairment experienced by cirrhotic patients. Being easily applied and widely more studies are needed to determine its sensitivity and specificity of MMSE in screening for minimal hepatic encephalopathy, as this condition is often underdiagnosed.
In our study, Patients with more decompensated liver has lower mean of MMSE than their counterparts (18.2 ± 2.2 versus 22.19 ± 3.7 respectively), this may be related to hyperammonemia and this group of patients are more susceptible to HE precipitants [32] .
On the contrary, Koziarska et al. [15] who found that MMSE is not useful for diagnosis of MHE and does not correlate with EEG spectral parameters, this may be due to higher prevalence of Child B/C in that study.
Thabut et al. reported that the validated tests (MMSE and Montreal Cognitive
Assessment) for the diagnosis of cognitive impairment were superior than psychometric hepatic encephalopathy scor (PHES) in detection of MHE and so PHES require a validation in each country before assessing performances of this score in a pathological setting [17] .
EEG has the advantage of detection of covert hepatic encephalopathy and monitoring the severity of HE regardeless the patient cooperation [33] . Amodio et al. found that in well compensated cirrhotic patients the prognostic value of minor EEG changes might be lower than in patients with advanced liver disease, this was similar to we have found.
This may be due to effect of toxic substances, including ammonia, and of electrolyte imbalances and energy metabolism abnormalities, and EEG and evoked potential alterations are often observed even in MHE in which clinical, overt encephalopathy is not observed [34] .
Neurophysiological tools reflect changes in signal transmission, cognitive phenomena and cortical networks oscillatory dynamics wich are altered by H.E.
[35] Sandford and Saul found that latency of the P100 wave of VEPs could be used to monitor very mild HE but severe HE couldn't be studied since VEPs re- is not influenced by learning effects by the patient and it is more sensitive for the diagnosis of MHE than the established psychometric tests.
Inour study VEP had role in diagnosis of MHE in contrast to Chamuleau et al. [36] , Who reported that VEPs had normal values despite significant changes in EEG because the magnocellualar system of the visual pathway, which terminates in the mediotemporal visual associate area (MT area, V5), is more sensitive to blood chemistry changes in the brain related to LC.
Our study demonstrates the beneficial effect of rifaximin in patients with cirrhosis who have MHE. Significant changes were observed in EEG and VEP P100 latency after administration of rifaximin.
Ammonia is the most important among various factors implicated in the pathogenesis of OHE/MHE, Several trials using ammonia-lowering therapies such as lactulose/lactitol, probiotics and branched-chain amino acids have shown an improvement in MHE [37] . However, the possible efficacy of a non-absorbable antibiotic such as rifaximin to modulate gut flora and reverse MHE has not been previously studied.
We chose rifaximin which is a gut-selective broad-spectrum antibiotic with minimal systemic absorption as the study drug because it is relatively easily available, well tolerated, and effective in reducing blood ammonia [38] .
Shawcross et al. [39] reported that inflammatory markers such as white cell count and C-reactive protein levels were significantly higher in those with MHE than in those without MHE.
Rifaximin has shown a general trend toward better efficacy, better safety, better tolerability than neomycin in patients with Overt hepatic encephalopathy [40] .
We observed minor gastrointestinal complaints like that were noted by Jiang et al. [41] . On the other hand, lactulose was associated with many side effects such as flatulence, abdominal discomfort, and diarrhea, which leads to low (<80%) adherence [4] .
Another attractive option for MHE treatment is probiotics but difficulties in their standardization remain two possible mechanismsby which rifaximin could lead to an improvement in MHE.
First, it could lead to a decrease in serum ammonia concentration by decreasing the ammonia-producing bacteria in the gut, as already shown in a previous study [38] .
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Second, rifaximin could be a key factor in decreasing bacterial translocation and inflammation, thus improving MHE. This hypothesis needs to be studied in future trials.
A second limitation of our study was that follow-up of patients after stopping the treatment was not done. Future prospective trials are required to study the impact of rifaximin treatment on the natural history of MHE, that is, prevention of further episodes of MHE or development of OHE.
We concluded that all patients with cirrhosis, irrespective of their job profile, deserve screening and treatment for MHE to improve their quality of life.
Neurophysiological tests could be used in the diagnosis of this neuropsychiatric syndrome, and the evoked potentials represent a promising tool for the objective diagnosis of minimal hepatic encephalopathy. Rifaximin is a safe and effective treatment for improving cognitive function in patients with MHE.
